Planarian regeneration: in vivo and in vitro effects of calcium and calmodulin on DNA synthesis.
Regeneration does not occur when planarians are grown in Ca2+-free medium. The possible effect of calcium upon DNA synthesis was therefore studied using cultured planarian cells and regenerating planarian fragments. In the cultures, DNA synthesis was Ca2+-dependent and required a minimum of 10(-6) M Ca2+ in the medium. It was gradually decreased in cells grown in Ca2+-free medium. Addition of Ca2+ to these cultures raised DNA synthesis. The time lag between addition of Ca2+ and stimulation of DNA synthesis varied with culture age. The triggering effect of Ca2+ was amplified by ionophore A 23187. A calcium binding protein, ram testis calmodulin, intensified the stimulatory effect of calcium, but EGTA blocked this effect. In the presence of trifluoperazine (TFP), DNA synthesis was not stimulated by Ca2+. This inhibition by TFP was overcome by adding calmodulin to the medium. Ca2+ therefore triggered DNA synthesis in vitro, and this role might have been potentiated by calmodulin. In vivo, DNA synthesis was shown to be dependent on the Ca2+ concentration in the medium in which intact or regenerating planarians were grown. In 12-h regenerates, the Ca2+ concentration in the medium was no longer critical. Total calcium content decreased just after sectioning until completion of healing (at 6 h) and then rose significantly to a peak at 12 h which coincided with the first peak of DNA synthesis. The calmodulin content gradually diminished during the first 6 h after sectioning. After a transient rise at 12 h, calmodulin content further decreased until 48 h. The results demonstrate the crucial role of Ca2+ in triggering DNA synthesis in planarian cells in vitro and in regenerating fragments. Calmodulin, whose concentration is very low in planarians compared to vertebrates, might help to induce the first peak of DNA synthesis at 12 h after sectioning, but is probably not the main Ca2+-binding protein involved in the regeneration process.